Abstract: Simulation corresponding with experimental data for self-mixing veloci metry is demonstrated. A novel relation ship linking optical feedback strength to harmonic levels in the self-mixing signal is presented.
The sensing system is often mod elled phenomenologically, employing a system of coupled differential equations originally proposed by [2] . We examine this model numerically and analytically for the case of a velocimetry measurement of a rotating disk.
2 Modelling: The model used was as in [3] . Numerical solution of the model re quires that the solver be capable of han dling the time-delayed feedback present. We employed Matlab's dde23 solver as well as the Fortran tool DOE SOLVER [4] . A discretely approximated Gaussian distribution of Doppler shifts was used to model the peak broadening. 4 Results and Discussion: Figure 1 shows experimental and simulated FFT spectra of the self-mixing signal for the system in question. The change in the laser's terminal voltage -the 'voltage sig naI' -was used [5] . The signal is com posed of a fundamental peak in the fre quency domain (the frequency of which is proportional to the measured velocity) [3] with harmonics at integer multiples of the fu ndamental.
In Fig. 1 we present for the first time simulation results that reproduce the ex perimental spectrum, including peak broadening and harmonic levels. Only the experimental signal amplitude was ad- justed so that the peaks coincided with the simulated peaks in the figure.
Numerical Analysis of Harmonics:
The system was solved for a number of different feedback levels and target ve locities. The relative harmonic levels (strength of harmonics relative to the strength at the fundamental frequency) were plotted against the self-mixing feed back parameter C, which is a standard measure of feedback strength [1] . Figure 2 shows that the relative harmonic level increases monotonically with C, and that the harmonic levels are only weakly reduced by target velocity.
Analytical Analysis of Harmonics:
An analytical approximation compares we" with the numerical analysis above. The model solution was approximated by con sidering the fundamental signal and the first harmonic only: n = no + n 1 sin(wt) + n 2 sin(2wt)
(1)
where nand s represent carrier and pho ton densities, respectively. The coefficient w is the angular fundamental self-mixing frequency.
Substituting (1) & (2) into the model and making appropriate simplifications yields the following results:
where K is the feedback coupling coeffi cient, Text is the round-trip external cavity propagation time, and a is the laser dif ferential gain coefficient [6] . The parame ter ( comprises several model parame ters such that ( » w.
Using the standard self-mixing volt age model [7] , and taking the change in carrier density due to self-mixing to be sma" compared to the steady-state value, it is easily observed that the (self-mixing) voltage signal is linearly proportional to the change in carrier density.
Thus, (4) shows that the relative harmonic level of the signal is propor tional to K (which is in turn proportional to C). It is also to a sma" extent inversely proportional to the velocity of the target being measured. This agrees we" with 78 the results of the numerical modelling plotted in Fig. 2 .
This relationship between C and harmonic levels is of particular interest in light of how difficult it is to reliably meas ure the laser linewidth enhancement fac tor [8] .
Equation (3) shows that the self mixing (voltage) signal is inversely pro portional to the differential gain in the la ser cavity. This would suggest that a laser wi" exhibit better self-mixing performance if it is designed with a smaller differential gain coefficient.
S Conclusion: A novel relationship link ing the self-mixing parameter C to har monic levels in the self-mixing signal has been presented. The simulation has been shown to be in good agreement with ex perimental results.
